Analysis of the fate of systemically administered liposomes and implications for their use in drug delivery.
Functional and ultrastructural studies of liposomes injected i.v. into inbred C57BL/6N mice were performed to determine whether free liposomes can traverse capillaries. In the liver and spleen, organs with discontinuous (sinusoidal) capillaries, ultrastructural and cell fractionation studies revealed that small (300- to 800-A diameter), sonicated, unilamellar liposomes were more efficient in penetrating liver sinusoids to interact with hepatocytes than were large (0.5- to 10-micrometers) multilamellar liposomes. Ultrastructural studies of the behavior of liposomes in the continuous capillaries of the lungs revealed that circulating phagocytic cells engulf the liposomes in the capillaries. Transcapillary migration of free liposomes was not observed. We conclude that free liposomes are unable to extravasate to reach the alveoli for subsequent engulfment by alveolar macrophages. Instead, liposomes in the lung capillaries are engulfed by circulating blood phagocytes which subsequently migrate to the alveoli to become alveolar macrophages. Experiments on the recruitment of blood monocytes into the lungs subjected to whole- or partial-body X-radiation confirmed that transfer of i.v.-injected liposomes to the alveolar compartment was mediated by blood monocytes. The inability of liposomes to escape from continuous capillaries and their rapid uptake by circulating and fixed phagocytic cells calls into question the feasibility of using liposomes to "target" drugs to cells in extravascular tissues.